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these materials can behave as a medium with negative index of refraction. The conventional media are characterized 
by the positive refractive index.  
Due to conical diffraction in WA two quasi beams are formed from incident wave, which has been directed in one 
waveguide of WA. Diffraction angle in this case id defined by the coupling between neighboring waveguides. As the 
coupling constant is due to tunnel penetration of light from one waveguide into another waveguide the substitution 
the one waveguide for another with alternative parameters can be considered as the sitting of defect into array. 
In this paper we will consider an optical waveguide array that is prepared from the waveguides, which are 
characterized by positive refractive index (PRI) material. Defect in this array is presented by waveguide 
manufactured from the negative refractive index (NRI) material. The numerical simulation of the reflection of the 
electromagnetic wave from the NRI defect was produced. The numerical results demonstrated a strong scattering of 
the electromagnetic wave in WA. Effect of this scattering is more than the same in the case of the conventional 
defect waveguide.  
2. Model description 
Let us consider an array of waveguides where all waveguides marked by index j  ( 0jj f  and f jj0 ) 
are characterized by positive refractive index. Waveguide marked by index 0j  is characterized by negative 
refractive index. This waveguide can be viewed as a defect in a one dimensional lattice. Propagation of an 
electromagnetic wave in such an array is governed by the system of equation: 
 
011,, ,0)( jjqqiqiq jjtjzj  N  , 
0110,
1
, ,0)( 0000 jjqqqiviq jjtjzj   N 
 ,                                                       (1) 
011,, ,0)( jjqqiqiq jjtjzj ! N  . 
 
where jq  is the normalized envelope of the wave localized in j-th waveguide, and v  is the relative group velocity 
of the wave in j-th waveguide. Coupling between neighboring waveguides is defined by parameters N  and 0N . For 
the sake of simplicity we assume that 1 v . Thus the defect properties of 0j -th waveguide is defined only by the 
sign of index refraction. 
Here we will consider the continuous wave approximation. The time derivatives must be dropped in the Eqs. (1). 
In the case of ideal WA (i.e., there is no defect) Eqs. (1) can be solved exactly [Somekh at al. (1973)]: 
 
)2()()( zJizq j
j
j N  
 
where )(zJ j  is the Bessel functions. This expression was found provided the incident wave was introduced only to 
waveguide marked by index 0 j . To estimate the influence of the defect the total transferred energy function  
 
¦
 
 
1
2|)(|)(
ojj
j zqzP .                                                                      (2) 
 
is introduced. In the case of ideal WA it is ¦  N 1
2
0 0
|)2(|)( j j zJzP . In the case of WA with defect the total 
transferred energy function (2) was calculated from the numerical solution of the Eqs. (1). 
 
3. Results of numerical simulation  
Study of the scattering diffracted wave was conducted for WA containing 50 waveguides. Incident wave was 
introduced only to 25-th waveguide, and 32-th waveguide is taking as defected. Fig. 1 shows the distribution of the 
intensities 2|)(|)( zqza nn  . In this case we assume that 0N N . 
Let us consider the coupling constant N  and 0N . Parameter NN /0K  is introduced. Function )(zP  was 
calculated for different values of parameter K. For the sake of simplicity we assume 1 N . The curves in Fig.2 
correspond the different parameter K. Fig. 2 shows that increasing of the 0N  ( NN /0K  at 1 N ) results in 
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from one waveguide to the other. If waveguide is fabricated from material with a PRI then wave vector of the 
electromagnetic wave is parallel to the Poynting vector. This wave is named forward wave. Oppositely, if 
waveguide is fabricated from materials with a PRI then wave vector of the electromagnetic wave is antiparallel to 
the Poynting vector. In this case this wave is referred to as backward wave. The scattering on the NRI defect gives 
rise to interaction between forward and backward waves. That results in to increasing of the scattering power 
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